Purpose: Many randomized clinical trials have been performed to treat a colorectal neoplasm with the exclusion of descending colon cancer. The aim of the present study was to investigate the difference in surgical outcomes between a laparoscopic left hemicolectomy and a conventional open left hemicolectomy for descending colon cancer. Methods: A retrospective study of ninety patients with descending colon cancer, who underwent a laparoscopic (LAP) or open left hemicolectomy (OS) between May 1998 and December 2009 at Kyungpook National University Hospital, was performed. Clinicopathological and surgical outcomes were compared between the LAP and the OS for descending colon cancer. Results: The baseline characteristics, including age, gender, body mass index, history of prior abdominal surgical history and tumor location, were similar between the two groups. The mean operation time was 156.2 minutes for the LAP group and 223.2 minutes for the OS group (P < 0.001). Intraoperative blood loss was significantly greater in the OS group (37.5 mL vs. 80.4 mL; P = 0.039). The postoperative recovery in the LAP group was faster, as reflected by the shorter time to pass gas and the shorter hospital stay. Pathological examinations showed the surgery to be equally radical in the two groups. The median follow-up was 21 months and there were 3 distant metastases (8.5%) during follow-up in the LAP group, but no port-site or local recurrence. Conclusion: A laparoscopic left hemicolectomy is a technically safe and feasible procedure for treating descending colon cancer. Prospective multi-center trials are necessary to establish the LAP as the standard treatment for descending colon cancer.
INTRODUCTION
In regard to laparoscopic surgical treatments for colon cancer, safety and complete cure have already been assessed by several random comparison studies, and the results show advantages transverse colon cancer patients, descending colon cancer patients were frequently excluded as study subjects. Although the number of patients was limited, in this study, the authors investigated the effectiveness of laparoscopic surgery and tentative indications by comparing clinical outcomes for laparoscopy-assisted left hemicolectomies (LAP) and to those for conventional open left hemicolectomies (OS) performed around the same period.
METHODS Subjects
The study was conducted on patients who underwent surgical treatment for primary cancer in the splenic flexure or the descending colon from May 1998 to December 2009 at our hospital. Among them, patients who received a transverse colon segmental resection, an extended right hemicolectomy, or a subtotal colectomy, patients with synchronous primary cancers, patients on whom a co-resection of other major organs had been performed, patients with cancer in the sigmoid-descending colon junction, and patients on whom emergency surgery for obstruction or perforation had been performed were excluded from the analysis.
As presurgical diagnostic tests, serum carcino-embryonic antigen (CEA) test, chest radiography, colonoscopy, abdominal computed tomography, and positron emission transmission computed tomography (PET-CT) were performed. Descending colon cancer was defined as tumors located in the area between the proximal splenic flexure and the sigmoid colon-descending colon junction detected by presurgical tests such as computed tomography, colonoscopy, or PET-CT, and all lesions were adenocarcinomas, as confirmed by histological tests (Fig. 1) . Disease stages were classified according to the American Joint Committee on Cancer (AJCC) tumour node metastasis (TNM) classification, 6th edition. This study was a retrospective study, and no special standards were applied to select the patients for laparoscopic or open abdominal surgery for descending colon cancer. The authors performed a laparoscopic left hemicolectomy in February 2002 for the first time. Initially, a laparoscopic left hemicolectomy was limited to patients whose lesion was less than T3 by abdominal computed tomography and who had no past history of major abdominal surgery. As the surgeons have acquired experiences and have become skilled, presently, at our hospital, the principle is to perform laparoscopic surgery except in cases with wide spread invasion to adjacent organs, obstruction of the intestine associated with abdominal distention, and tumors larger than 8 cm. We compared and analyzed retrospectively the characteristics of patients that are eliciated from prospectively collected database of our hospital and medical records, such as the ages of the patients, the gender ratio, body mass index (BMI, kg/m 2 ), surgical methods, cases converted to laparotomy, operation time, hemorrhage volume, time of the first passing gas, time of the first oral intake, postsurgical hospitalization period, complications, and oncological results (distance from tumors to resection margins, the numbers of resected lymph nodes, and recurrence patterns).
Surgical methods
In our study, a radical left hemicolectomy was defined as the complete removal of the primary tumor and lymph node resection, including the origin of the left colic artery. The laparoscopic surgery and laparotomy were performed by the same two surgeons or under their supervision.
Laparoscopic surgery
All surgeries were performed under general anesthesia, and abdominal pressure was maintained so as not to exceed 12 mmHg. In all patients, the presence of metastasis in the entire abdominal cavity, including the liver, was assessed directly macroscopically after inserting a laparoscope. In the modified lithotomy position, a 11-mm trocar was installed below the umbilicus, and a 0-degree camera was inserted. Five-mm trocars were inserted at the right upper abdomen and the right lower abdomen and were used by the operator. A 5-mm trocar was inserted at the left side and was used by the first assistant. On the right side of the patient, the operator and a camera assistant were positioned, and on the left side, the first assistant was positioned. Surgery was initiated by resecting soft tissues, including lymph nodes, while paying attention not to injure the sympathetic nerves around the inferior mesenteric artery. The origin of the left colic artery branching from the inferior mesenteric artery was assessed and ligated with clips. While assessing the location of the ureter and gonadal vessels, the descending mesocolon was resected from the retroperitoneum from the medial to the lateral direction. Regarding the lateral side, resection was performed beyond the Gerota's fascia to the left abdominal wall. Concerning the cephalad direction, resection was performed until the pancreas was detected. At that time, the origin of the inferior mesenteric vein was assessed and ligated, lymph node dissection in the mid colic artery and its left branch area was performed and ligated. After sufficient resection of the medial side, the descending colon was pulled to the medial side, and the Toldt's fascia was dissected in order to separate the descending colon from the lateral wall from the iliac ridge to the splenic flexure. When the proximal sigmoid colon and the descending colon had been completely separated from the retroperitoneum, while resecting the greater omentum of the transverse colon, the right gastrocolic ligament was separated. After complete mobilization of the splenic flexure area had been confirmed, the umbilical port was extended and a mini laparotomy 4-6 cm in size was made. After the installation of wound protectors, the descending and the sigmoid colon were extracted, and the distal transverse colon and the proximal sigmoid colon were side-to-end anastomosed by using a circular end-to-end anastomosis stapler.
Open surgery
The range and the method of surgery were almost identical to those for a LAP; nonetheless, as reconstruction, a manual endto-end anastomosis was performed on the distal transverse colon and the proximal sigmoid colon. The range of lymph node resection and the range of omentectomy were not different in principle from those for laparoscopic surgery.
Analysis of the results and statistical analysis
For analyzing the characteristic of the patients and the clinical outcomes, the means and standard deviations were examined. For the comparisons of the variables of the two surgery groups, the independent sample t-test and the cross-table Pearson chisquare test were applied. For statistical analysis, the SPSS ver. 15.0 (SPSS Inc., Chicago, IL, USA) was used. A P-value less than 0.05 was considered to be statistically significant.
RESULTS
From 1998 to December 2009, a total of 281 patients received a radical resection for distal transverse colon cancer, splenic flexure or descending colon cancer. Among them, 90 patients received a left hemicolectomy or extended left hemicolectomy. Among those 90, a laparoscopic left hemicolectomy was performed in 35 cases.
Clinico-pathological characteristic
The mean age of the subject patients of the LAP group was 58.6 years (range, 33 to 84 years), and that of the OS group was 59.1 years (range, 23 to 81 years). In regard to the gender of the LAP group, 28 patients were males, and 7 patients were females. In the OS group, 38 patients were males, and 17 patients were females. Regarding the other characteristics of the patient groups, the BMIs of the two groups, the presence or absence of associated diseases, and the past history of abdominal surgery prior to surgery were not significantly different. The locations of the tumors for the LAP group were the distal transverse colon in 3 patients (8.6%), the splenic flexure in 16 patients (45.7%), and the descending colon in 16 patients (45.7 %). In the OS group, the locations were the distal transverse colon in 5 patients (5.5%), the splenic flexure in 12 patients (21.8%), and the descending colon in 38 patients (69.1%) (P = 0.060). Presurgical serum CEA values for the LAP group and the OS group were 2.2 ± 1.7 ng/mL and 5.3 ± 7.8 ng/mL, respectively, and this difference was significant (P = 0.015) ( Table 1) .
Surgery results
None of the patients on whom laparoscopic surgery was attempted were converted to a laparotomy. The mean operation time of the LAP was 156.2 minutes (range, 75 to 241 minutes), and that of the OS group was 223.2 minutes (range, 120 to 350 minutes), that of the LAP group being significantly shorter (P < 0.001). The first time of passing gas after surgery for the LAP group was an average of 1.9 days (1-5 days) while that for the OS group was an average of 3.5 days (range, 2 to 8 days), being significantly shorter in the LAP group (< 0.001). The time to intake of normal meals after surgery for the LAP group was an average of 4.8 days (range, 3 to 11 days) while that for the OS group was an average of 6.1 days (range, 5 to 12 days), being significantly shorter in the LAP group (P = 0.016). The hospitalization period after surgery for the LAP group was an average of 8.7 days (range, 6 to 55 days), and that of the OS group was an average of 12.2 days (range, 8 to 40 days), being significantly shorter in the LAP group (P = 0.014). As postsurgical complications, in the LAP group, reoperation for herniation pertinent to the wound occurred in one case. In the OS group, reoperation for obstruction of the small intestine after surgery occurred in one case (Table 2) .
Morbidity and mortality
In the LAP group, morbidity was 14.3% (5 patients out of the total 35 patients), and mortality was 0%. In the OS group, morbidity was 20.0% (11 patients out of the total 58 patients), and mortality was 0% (Table 2 ). In regard to complications, in the LAP group, infection in the wound area occurred in 1 case, hemorrhage after surgery in 2 cases, obstruction of the intestine in 1 case, an incision hernia in 1 case, and lung infection due to atelectasis in 1 case. In the OS group, wound infection occurred in 4 cases, hemorrhage after surgery in 1 case, leakage in the anastomosis area in 1 case, obstruction of the intestine in 2 cases, colitis associated with severe diarrhea in 1 case, and pneumonia due to atelectasis in 2 cases. The total incidences and the major complication rates, classified according to Dindo's classification method, for the two groups were not significantly different.
The number of dissected lymph nodes, the length of the resection margin and recurrence The pathological results for the patients of the two groups that underwent surgery for tumors were compared. The mean size of lesions for the LAP group was 4.4 ± 3.1 cm, and that of the OS group was 5.7 ± 2.5 cm. The number of dissected lymph nodes for the LAP group was an average of 13.8 ± 8.8, and it was less than 15.9 ± 10.7 lymph nodes for the OS group, but this difference was not statistically significant (P = 0.279). The distance to the proximal resection margin for the LAP group was 10.0 ± 3.5 cm, and the distance to the distal resection margin was 12.5 ± 8.3 cm, which were not significantly different from the results for the OS group. Regarding the TNM stages for the LAP group, stage 0 or 1 was observed in 12 cases (34.3%), stage 2 in 16 cases (45.7%), and stage 3 in 7 cases (20.0%). In the OS group, stage 0 or 1 was observed in 5 cases (9.1%), stage 2 in 29 cases (52.7%), and stage 3 in 21 cases (38.2%) ( Table 3) . No study subject patient was lost during the follow-up observation period; the median follow-up observation period of 35 patients of the LAP group was 21 months (range, 1 to 60 months). During that period, none of patients showed local recurrence or recurrence in the trocar site, and 3 patients developed distant metastasis (8.5%). In the 3 patients showing systemic recurrence, the liver and the peritoneum were the sites in 1 case, the lung was the site in 1 case and the peritoneum was the site in 1 case. The median interval from surgery to recurrence for the LAP group was 10.3 months (range, 4 to 22 months). On the other hand, the median follow-up observation period for the OS group was 26 months (range, 2 to 60 months), and re- currence was observed in 8 patients (14.5%). In the OS group, anastomosis site recurrence was observed in 1 case, and systemic recurrence was observed in 7 cases. For the 7 patients showing systemic recurrence, the sites of the recurrences were the liver in 2 cases, the liver and the peritoneum in 1 case, the lung in 3 cases, and the iliac lymph node in 1 case.
DISCUSSION
In our study, the early postoperative outcomes and the usefulness of a laparoscopic left hemicolectomy were analyzed by comparing descending colon cancer patients treated by laparoscopic surgery with those treated with open abdomen surgery. The authors were able to confirm that, in comparison with traditional open abdominal surgery, a laparoscopic left hemicolectomy has clinical advantages in indices such as operation time, transfusion volume during surgery, recovery of bowel movement, and mean hospitalization days and simultaneously that it is safe oncologically regarding for pathological indices of specimens or postoperative complications. Such satisfactory results could be obtained due to an improvement the of surgeon's techniques, systemized surgical methods, and the development of laparoscopic surgical equipment, such as ultrasonic instruments like the Harmonic scalpel ® (Ultracision Inc., Smithfield, RI, USA).
The characteristics of the two groups, such as the gender of the two groups, age, body mass index, associated diseases, and locations of tumors were not significantly different; nonetheless, preoperative CEA and TNM stage were different. This is interpreted as being due to our study being a single-institutional retrospective comparisonal study; thus, limitations, such as in the selection of patients, are expected. However, reports on laparoscopic surgery for descending colon cancer are not abundant, and in a multicenter randomized controlled prospective study conducted to assess the safety of laparoscopic surgery for colon cancer, similarly, descending colon cancers, including transverse colon cancers, were excluded [1, 4, 9] . To prove that the surgical outcomes and the oncological results of laparoscopic surgery are not inferior to those for the previous standard open surgery, study methods with the highest reliability, such as prospective randomized controlled trials, are necessary. Nonetheless, since the incidence of descending colon cancer is as low as 5-6% of all colon cancers, for a comparison and analysis of surgical outcomes, including long-term oncological outcomes, such research designs may be difficult to prospectively apply at a single institution. This study is the largest-scale comparisonal study of laparoscopic left hemicolectomies performed on the descending colon to data until now, and the clinical efficacy of laparoscopic surgery confirmed in our study should be validated in large-scale multicenter prospective studies in the future.
In result of recent studies, resection for descending colon cancer was associated with comparatively longer operation time, longer hospitalization period and higher rates of complications as compared to other procedures; anterior resection and right hemicolectomy. This reflects that a left hemicolectomy including the radical resection of the splenic flexure is technically difficult [10] [11] . The authors favored a medial approach that sufficiently resected the descending colon from the retroperitoneum and subsequently exposed the lesser sac by separating the origin of the transverse mesocolon from the pancreas, and in comparison with the traditional lateral approach, such a surgical method is thought to be useful for a safer approach to the lesser sac between the transverse colon and the greater omentum without injuring the spleen. Surgical techniques for the severance and ligation of the inferior mesenteric vein differ with the investigator. Some investigators expressed the concern that at the time of a left hemicolectomy, ligation of the inferior mesenteric vein might impair venous blood flow. However, the authors did not make any effort to preserve the inferior mesenteric vein specifically because the right drainage route to the internal iliac vein was sufficient and severing the inferior mesenteric vein was advantageous for securing the space and facilitating the surgery. In our study, in most patients, no special complications associated with the impairment of blood flow were experienced during the follow-up observation period; similarly, in abdominal computed tomography performed regularly during the followup observation period, no imaging findings of congested venous blood flow were detected.
The overall complications of the two groups were not statistically different. In our study, regarding the classification of complications, the level of postoperative complications was classified by considering grade I and II described in Table 2 as minor complications, and grade III, IV and V as major complications [12] . In the LAP group, 5 patients developed complications. Among them, in one patient, herniorrhaphy was performed for an incisional hernia 5 months after surgery. In the OS group, 11 patients developed complications. Among them, 1 patient experienced sepsis and an intraperitoneal abscess due to anastomosis leakage. Excluding these two patients, in the two groups, no major complications (under stage 3 of the Dindo's classification) were detected.
In the past, it has been proposed that for transverse colon cancer located in the vicinity of the splenic flexure or for proximal descending colon cancer cases, a more extended resection is required. However, recently, the major opinion is that a radial resection could be anticipated only for a left hemicolectomy. At our hospital, similarly, surgical ranges are determined based on the location of the tumor and the progression level [13] [14] [15] . We experienced a total of 35 cases of laparoscopic surgery for descending colon cancer. Among them, in 29 cases (83%), a standard left hemicolectomy was performed, including a lymphadenectomy with ligation of the left branch of the middle colic artery and the left colic artery. In the remaining 6 cases (17%), surgeries performing high ligation of the inferior mesenteric artery in the origin area and a resection from the proximal descending colon to the sigmoid colon were executed. In our study, to examine the results of a left hemicolectomy for descending colon cancer in more even patient groups, cases involving a segmental resection of transverse colon and cases of colon cancer located in the sigmoid descending colon junction were excluded from the analysis.
In our cases, the number of lymph nodes resected during laparoscopic surgery for descending colon cancer was 13.8 nodes, the length of the proximal resection margin was an average of 10.0 cm, the distal area was 12.5 cm, and sufficient resection margins and lymphadenectomy were shown [16] [17] [18] [19] . No case of recurrence in the trocar site or pertinent to the mini-laparotomy site were experienced [20] [21] [22] . During the study period, in the LAP group, 3 patients developed systemic recurrence; 1 case of liver metastasis, 1 case of lung metastasis, and 1 case of liver metastasis and multicentric peritoneal metastasis simultaneously. Among them, in 2 patients, distant metastasis was detected within 6 months, and those two patients were TNM stage IIIC patients; thus, rather than cancer that progressed rapidly after surgery, the cancer might have been a micrometastasis that was present prior to surgery and detected later. In this study, we did not compare the survivals of the LAP group and the OS group because the follow-up observation period was relatively short, and the TNM stages of the two groups were somewhat different. However, according to many previous studies, the overall recurrence rate was 8.5% during the 21-month follow-up period, which allows us to conclude that, from the aspect of survival rate, laparoscopic surgery for descending colon cancer is comparable to open conventional surgery. However, our study only presents the early results for a laparoscopic resection for descending colon cancer, and more cases and long-term follow-up observation are needed.
This study presents the results of a short-term follow-up observation of patients who underwent a laparoscopic left hemicolectomy. It is true that the study has many limitations because it is a single-institution retrospective study; nonetheless, satisfactory results were obtained in regard to operation time, hemorrhage volume, and postoperative clinical outcomes. In spite of that, the radical resection and the oncological safety of the technique should be proven by long-term follow-up observation of chronic complications or recurrence rates, and larger scale multicenter prospective studies of laparoscopic left hemicolectomies is thought to be required. If a laparoscopic left hemicolectomy is performed after a sufficient learning curve for colon cancer in other areas and if it is performed on appropriate patient groups under accurate preoperative diagnosis, it should be a safe and useful treatment for descending colon cancer.
